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0 OPTICAL MEASUREMENT INSTRUMENT AND METHOD THEREFOR. 

@ The signal-to-noise ratio (S/N) of optical mea- ted from a fluorescent dye or a water-soluble dye to 
sur ment Is improved by adding v ry small particles a r action v ssel (2) formed integrally with a slab 
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type optical waveguide (1) so as to reduce stray light 
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Technical Field 

The present invention relates to an optical 
measurement apparatus and method therefor. More 
particularly, the invention relates to an optical mea- 
surement apparatus and method therefor which in- 
clude a reaction vessel for housing a reagent liquid 
which includes fluorescent substance, and a test 
liquid for measurement so as to perform predeter- 
mined reaction. A casing constitutes the reaction 
vessel, a part of which casing is formed of an 
optical waveguide. The apparatus and method 
measure optical characteristics in the vicinity of a 
surface of the optical waveguide, (the surface being 
a surface existing in the reaction vessel) by receiv- 
ing a fluorescent light component. The fluorescent 
light component is output of a predetermined rela- 
tive angle with respect to the optical waveguide 
due to the fluorescent substance, the fluorescent 
light being generated by radiating an exciting light 
into the optical waveguide at a predetermined rela- 
tive angle with respect to the optical waveguide. 
Especially preferable, the present invention relates 
to an optical measurement apparatus and method 
therefor which excite a fluorescent substance con- 
strained In the vicinity of a surface of an optical 
waveguide by an evanescent wave component. 
The evanecent wave component is generated by 
introducing an exciting light in the optical 
waveguide so as to propagate in a totally reflective 
manner. The invention measures the optical char- 
acteristics in the vicinity of the surface of the 
optica! waveguide based upon a fluorescent light 
component which propagates within the optical 
waveguide in a totally reflective manner, including 
fluorescent light radiated from the fluorescent sub- 
stance. 

Background Art 

In the past, an apparatus for measuring immu- 
nity using fluorescent light has been proposed 
which uses an optical measurement apparatus. The 
optical measurement apparatus excites a fluores- 
cent substance constrained in the vicinity of a 
surface of an optica) waveguide by an evanescent 
wave component. The evanescent wave component 
is generated by introducing an exciting light In the 
optical waveguide so as to propagate In a totally 
reflective manner. The optical measurement ap- 
paratus then measures optical characteristics in the 
vicinity of the surface of the optical waveguide 
based upon a fluorescent light component which 
propagat s within th optical waveguide In a totally 
refl ctive manner, from fluorescent light radiated 
from the fluorescent substance. 

Specifically, for exam pi , a reaction vessel is 
provided which has a face united with a surface of 



a slab-type optical waveguide. Antibodies (or anti- 
gens) are previously fixed on the surface, and a 
test liquid for measurement and antibodies labeled 
with fluorescent dye (hereinafter, referred to as 

5 labeled antibodies) are poured within the reaction 
vessel in this order. Then, the labeled antibodies 
are constrained in the vicinity of the surface by an 
antigen-antibody reaction, The quantity of the con- 
strained labeled antibodies corresponding to a con- 

10 centration of antigens in the test liquid for measure- 
ment. 

The fluorescent dye of the constrained labeled 
antibodies are excited by an evanescent wave 
component of the exciting light. The concentration 

75 of antigens in the test liquid for measurement is 
detected based upon an intensity of fluorescent 
light which is radiated from the fluorescent dye, 
propagated within the slab-type optical waveguide, 
and output from the slab-type optical waveguide. 

20 Further, an apparatus for measuring immunity 

using fluorescent light is conventionally proposed 
which forms a reaction vessel on one side of an 
optical waveguide. An immunity reaction is per- 
formed between ligands which are made to be a 

25 solid phase on the surface of the optical 
waveguide, a test liquid for measurement which is 
pored within the reaction vessel, and ligands which 
are poured within the reaction vessel and which are 
labeled with a fluorescent dye. The apparatus ex- 

30 cites the fluorescent dye by introducing a plane 
wave into the reaction vessel through the optical 
waveguide, and measures a degree of the immu- 
nity reaction based upon a component which prop- 
agates within the optical waveguide in a totally 

35 reflective manner from the fluorescent light radiated 
from the fluorescent dye (refer to Japanese patent 
laid open gazette of patent application publication 
No. Sho 61-502418). In this application, "ligand" 
means antigens, antibodies, hapten, hormones, or 

40 any organic substance which causes a specific 
bonding reaction. 

Therefore, the fluorescent dye of the labeled 
antibodies within the reaction vessel are excited by 
an exciting light. And, a degree of immunity reac- 

45 tion is detected based upon an intensity of fluores- 
cent light which is propagated within the optical 
waveguide by evanescent wave coupling and is 
output from the optical waveguide, including flu- 
orescent light radiated from the fluorescent dye. 

50 In the former apparatus for measuring immu- 
nity using fluorescent light, when the surface of the 
optical waveguide has a perfectly smooth face only 
fluorescence dye which is constrained in the vi- 
cinity of th surface by antig n-antibody reaction 

55 radiates fluor scent light. Also, fluorescence dy 
which labels unreacted antibodies never rodiates 
fluorescent light. Howevere, in actuality it is almost 
impossible for the surface of the optical waveguide 
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to be made to have a perfectly smooth face. There- 
fore, not only, the evanescent wave component but 
also scattered component of the exciting light ex- 
cite the fluorescent dye, so that fluorescent dye 
which labels unreacted antibodies also radiate flu- 
orescent light. And, the fluorescent light radiated 
from the fluorescent dye constrained in the vicinity 
of the surface of the optical waveguide and the 
fluorescent light radiated from the fluorescence dye 
of unreacted labeled antibodies (hereinafter, re- 
ferred to as stray light) are almost impossible to be 
optically separated from one another. Also, the 
stray light is easily varied by extrinsic factors such 
as temperature and the like. Therefore, a sensitivity 
of immunity measurement using fluorescent light is 
not improved too much. 

To remove these the disadvantages, an oper- 
ational processing may be carried out for separat- 
ing a signal due to the stray light and a signal due 
to the actual reaction (hereinafter, referred to as a 
real signal) from one another. Disadvantages arise 
in that this operation is remarkably complicated, 
and data processing of the measurement timing 
becomes remarkably complicated, and it Is not 
guaranteed that a sufficient measurement accuracy 
is obtained. 

Further, the stray light is reduced when the 
intensity of the exciting light is lowered, but, a S/N 
ratio cannot be improved because the real signal 
becomes small simultaneously. 

In the latter apparatus for measuring an immu- 
nity reaction using fluorescent light, not only the 
fluorescent dye which is constrained in the vicinity 
of the optical waveguide by immunity reaction, but 
also the unreacted fluorescent dye which has not 
participated in immunity reaction are excited by the 
exciting light. Further, fluorescent light which is 
radiated from the unreacted fluorescent dye is radi- 
ated through a transparent wall of the reaction 
vessel, and is detected by an optical detector to- 
gether with signal light which propagates in the 
optical waveguide in a totally reflective manner. 
The above fluorescent light due to the unreacted 
fluorescent dye is remarkably difficult to separate 
from the fluorescent light due to the fluorescent 
dye which contribute immunity reaction. The above 
fluorescent light due to the unreacted fluorescent 
dye is also easily varied by the influence of extrin- 
sic factor such as temperature and the like. There- 
fore, measurement sensitivity Is remarkably im- 
peded. 

Further, to prevent the fluorescent light due to 
the unreacted fluorescent dye from being detected 
by the optical detector, it may b thought that a 
plate or the like for screening light which posses 
through a sid wall of the reaction vessel and 
which light is not due to essential immunity reac- 
tion, with respect to the optical detector, is pro- 



vided on the reaction vessel at an optical-detector- 
ward side thereof. Another disadvantage arises In 
that an arrangement of this type is complicated. 

5 Disclosure of The Invention 

The present invention was made in view of the 
above problems. 

It is an object of the present invention to offer 

10 an optical measurment apparatus and method 
therefor which reduce a total quantity of fluorescent 
light which is radiated from unreacted fluorescent 
substances, so as to improve measurement sen- 
sitivity. Especially, it is another object of the 

75 present invention to offer an optical measurement 
apparatus and method which reduce stray light 
without influencing the real signal, so that a S/N 
rate of the optical measurement is improved. 

To perform the above object, an optical mea- 

20 surement apparatus according to one embodiment 
of the invention is an apparatus which excites a 
fluorescent substance which is constrained in the 
vicinity of a surface of an optical waveguide. The 
fluorescent substance is excited by an evanescent 

25 wave component generated by introducing an ex- 
citing light so that the exciting light propagates 
within the optical waveguide in a totally reflective 
manner. The apparatus measures optical character- 
istics in the vicinity of the surface of the optical 

30 waveguide based upon the fluorescent light com- 
ponent which propagates within the optica! 
waveguide in a reflective manner, from the fluores- 
cent light which is radiated by the fluorescent sub- 
stance. The apparatus includes fine grains which 

35 are added into the reaction vessel and which ab- 
sorb light having at least one wavelength among an 
exciting wavelength of the fluorescent substance 
and an emitting wavelength of the fluorescent sub- 
stance. 

40 The apparatus excites a fluorescent substance 
which is constrained in the vicinity of a surface of 
an optical waveguide, by an evanescent wave com- 
ponent which is generated by introducing an excit- 
ing light so that the exciting light propagates within 

45 the optical waveguide in a totally reflective manner. 
The apparatus measures the optical characteristics 
in the vicinity of the surface of the optical 
waveguide based upon a fluorescent light compo- 
nent which propagates within the optical waveguide 

50 in a reflective manner, from includes fluorescent 
light which is radiated from the fluorescent sub- 
stance. When the above measurement is per- 
formed, the apparatus comprises fine-grains which 
are added into th reaction v ssel. and which fin - 

55 grains absorb light of at least one wavelength 
among an exciting wavelength of the fluorescent 
substance and an emitting wavelength of the flu- 
oresc nt substance. Thus the apparatus can pre- 
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vent the fluorescent substance from being excited 
by scattering of the exciting light which is gen- 
erated at the surface of the optical waveguide, 
which fluorescent substance is not constrained in 
the vicinity of the surface of the optical waveguide. 
Also the apparatus can prevent the fluorescent 
light which is radiated from the fluorescent sub- 
stance, excited by the scattered exciting light 
which is generated at the surface of the optical 
waveguide, from being introduced into the optical 
waveguide, Therefore, the apparatus improves the 
S/N ratio of optical measurement. 

An optical measurement apparatus according 
to a second embodiment of the invention is an 
apparatus which excites a fluorescent substance 
which is constrained in the vicinity of a surface of 
an optical waveguide. The fiuorescent substance is 
excited by an evanescent wave component which 
is generated by introducing an exciting light so that 
the exciting light propagates within the optical 
waveguide in a totally reflective manner. The ap- 
paratus measures optical characteristics in the vi- 
cinity of the surface of the optical waveguide based 
upon the fluorescent light component which propa- 
gates within the optical waveguide in a reflective 
manner, from the fluorescent light radiated from the 
fluorescent substance, The apparatus comprises a 
water soluble dye which is added into the reaction 
vessel which absorbs light of at least one 
wavelength among an exciting wavelength of the 
fluorescent substance and an emitting wavelength 
of the fluorescent substance. 

That is, the apparatus excites a fluorescent 
substance which is constrained in the vicinity of a 
surface of an optical waveguide, The fluorescent 
substance is excited by an evanescent wave com- 
ponent which is generated by introducing an excit- 
ing light so that the exciting light propagates within 
the optical waveguide in a totally reflective manner. 
The apparatus measures optical characteristics in 
the vicinity of the surface of the optical waveguide 
based upon a fluorescent light component which 
propagatee within the optical waveguide in a reflec- 
tive manner, from the fluorescent light which is 
radiated by the fluorescent substance. When the 
above measurement is performed, the apparatus 
comprises a water soluble dye which is added in 
the reaction vessel and which absorbs light of at 
least one wavelength among an exciting 
wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance. 
The apparatus can thus prevent the fluorescent 
substance from being excited by scattering of the 
exciting light which Is g nerated at the surfac of 
th optical waveguide, which fluorescent substance 
is not constrained in the vicinity of the surface of 
the optical waveguide. Also the apparatus can pre- 
V nt the fluorescent light which is radiated from the 



fluorescent substance from being introduced into 
the optical waveguide, which fluorescent substance 
is excited by the scattered exciting light generated 
at the surface of the optical waveguide. Therefore, 

5 the apparatus improves the S/N ratio of optical 
measurement. 

An optical measurement apparatus according 
to a third embodiment of the invention includes a 
reaction vessel in which a reagent, including a 

10 fluorescent substance, and a test liquid for mea- 
surement are housed so as to perform predeter- 
mined reaction. The apparatus includes a casing 
which constitutes the reaction vessel and a part 
which is constituted by an optical waveguide. The 

75 apparatus radiates an exciting light into the optical 
waveguide at a predetermined relative angle with 
respect to the optical waveguide, and measures 
optical characteristics in the vicinity of the surface 
of the optical waveguide which vicinity is within the 

20 reaction vessel. The measurement is performed by 
receiving a fluorescent light component from flu- 
orescent light of the fluorescent substance, which 
component is output at a predetermined relative 
angle with respect to the optical waveguide. The 

25 apparatus comprises a substance which is added 
in the reaction vessel and which absorbs light of at 
least one wavelength among an exciting 
wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance. 

30 That is, the apparatus includes a reaction ves- 

sel in which a reagent, including a fluorescent 
substance, and a test liquid for measurement are 
housed so as to perform a predetermined reaction. 
The apparatus has a casing which constitutes the 

35 reaction vessel and a part which is constituted by 
an optical waveguide, The apparatus radiates an 
exciting light to the optical waveguide at a pre- 
determined relative angle with respect to the op- 
tical waveguide. The apparatus then measures, the 

40 optical characteristics in the vicinity of the surface 
of the optical waveguide within the reaction vessel, 
by receiving a fluorescent light component from the 
fluorescent light produced by the fluorescent sub- 
stance. The fluoresent light component is output at 

45 a predetermined relative angle with respect to the 
optical waveguide. When the measurement is per- 
formed, the apparatus adds the substance in the 
reaction vessel. The substance absorb light which 
has at least one wavelength among an exciting 

50 wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance, 
The apparatus can thus prevent the fluorescent 
substanc from being excited by scattering of the 
xciting light which is gen rat d at th surface of 

55 the optical waveguide, which fluoresc nt substance 
is not constrained in the vicinity of the surface of 
the optical waveguide. Also the apparatus can pre- 
V nt the fluorescent light which is radiated from the 
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fluorescent substance from being introduced Into 
tlie optical waveguide, which fluorescent substance 
is excited by the scattered exciting light which is 
generated at the surface of the optica! waveguide. 
Therefore, the apparatus improves the S/N ratio of 
optical measurement. 

An optical measurement apparatus according 
to a fourth embodiment of the invention is an 
apparatus which employs an optical measurement 
apparatus which introduces an exciting light into a 
reaction vessel through an optical waveguide so as 
to excite a fluorescent substance. The apparatus 
measures the optical characteristics in the vicinity 
of a surface of the optical waveguide based upon a 
fluorescent light component from the fluorescent 
light radiated by the fluorescent substance. This 
component propagates within the optical 
waveguide in a reflective manner. 

The apparatus introduces an exciting light into 
the reaction vessel through the optical waveguide 
so as to excite the fluorescent substance, and then 
measures the optical characteristics in the vicinity 
of the surface of the optical waveguide based upon 
the fluorescent light component from the fluores- 
cent light radiated by the fluorescent substance. 
The component propagates within the optical 
waveguide in a reflective manner. When the optical 
measurement is performed, the apparatus adds the 
substance in the reaction vessel which absorbs 
light having at least one wavelength among an 
exciting wavelength of the fluorescent substance 
and an emitting wavelength of the fluorescent sub- 
stance. The apparatus prevents the fluorescent 
substance not constrained in the vicinity of the 
surface of the optical waveguide from being excited 
by scattering of the exciting light which is gen- 
erated at the surface of the optical waveguide. 
Also, the apparatus prevents the fluorescent light 
which is radiated from the fluorescent substance 
from being introduced into the optical waveguide, 
which fluorescent substance are excited by the 
scattered exciting light which is generated at the 
surface of the optical waveguide. Therefore, the 
apparatus improves the S/N ratio of optical mea- 
surement. Further, the apparatus simplifies an ar- 
rangement of an optical system because an optical 
element is not necessary to separate the exciting 
light and the fluorecent light from one another. 

An optical measurement apparatus according 
to a fifth embodiment of the invention employs an 
optical measurement apparatus which excites a 
fluorescent substance which Is constrained in the 
vicinity of a surface of an optical waveguide, by an 
evanesc nt wave component which is g n rat d by 
introducing an exciting light. The exciting light 
propagates within the optical waveguide in a totally 
reflective manner, and the apparatus m asures the 
optical characteristics in the vicinity of the surface 



of the optical waveguide based upon a fluorescent 
light component which is radiated outward through 
the optical waveguide, from the fluorescent light 
radiated by the fluorescent substance. 

5 The apparatus excites a fluorescent substance 

which is constrained in the vicinity of the surface of 
the optical waveguide, by the evanescent wave 
component generated by Introducing the exciting 
light so that the exciting light propagates within the 

10 optica! waveguide in a totally reflective manner. 
The apparatus measures the optical characteristics 
in the vicinity of the surface of the optical 
waveguide based upon the fluorescent light com- 
ponent radiated outward through the optical 

75 waveguide, from the fluorescent light radiated by 
the fluorescent substance. When the measurement 
is performed, the apparatus adds the substance in 
the reaction vessel, which substance absorbs light 
which has at least one wavelength among an excit- 

20 ing wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance. 
The apparatus can prevent the fluorescent sub- 
stance from being excited by scattering of the 
exciting light generated at the surface of the optical 

25 waveguide, which fluorescent substance Is not con- 
strained in the vicinity of the surface of the optical 
waveguide. Also the apparatus can prevent the 
fluorescent light which is radiated from the fluores- 
cent substance from being introduced into the op- 

30 tical waveguide, which fluorescent substance is ex- 
cited by the scattered exciting light generated at 
the surface of the optical waveguide. Therefore, the 
apparatus improves the S/N ratio of optical mea- 
surement. Further, the apparatus simplifies an ar- 

35 rangement of an optical system because an optical 
element is not necessary to separate the exciting 
light and the fluorecent light from one another. 

An optical measurement apparatus according 
to another embodiment of the invention employs an 

40 optical measurement apparatus which excites a 
fluorescent substance which is constrained in the 
vicinity of a surface of an optical waveguide. An 
exciting light is introduced into a reaction vessel 
through the optical waveguide at a predetermined 

45 angle. The apparatus then measures the optical 
characteristics in the vicinity of the surface of the 
optical waveguide based upon a fluorescent light 
component which is radiated outward through the 
optical waveguide, from the fluorescent light radi- 

50 ated by the fluorescent substance. The component 
is output through the optical waveguide at an angle 
which Is different from that of the exciting light. 

That is, this optical measurement apparatus 
excites a fluor sc nt substance which is con- 

55 strained in the vicinity of the surface of the optical 
waveguide, by introducing on exciting light into th 
reaction vessel through the optical waveguide at a 
predetermined angle. The apparatus measures the 
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optical characteristics in the vicinity of the surface 
of the optical waveguide based upon the fluores- 
cent light component which is radiated outward 
through the optical waveguide, from the fluorescent 
light radiated by the fluorescent substance. The 
fluorescent light component is output through the 
optical waveguide at an angle which is different 
from that of the exciting light. When the measure- 
ment is performed, the apparatus adds a substance 
in the reaction vessel which absorbs light having at 
least one wavelength among an exciting 
wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance. 
The apparatus can thereby prevent the fluorescent 
substance from being excited by scattering of the 
exciting light generated at the surface of the optical 
waveguide, which fluorescent substance is not con- 
strained in the vicinity of the surface of the optical 
waveguide. Also the apparatus can prevent the 
fluorescent light radiated from the fluorescent sub- 
stance from being introduced into the optical 
waveguide, which fluorescent substance is excited 
by the scattered exciting light generated at the 
surface of the optical waveguide. Therefore, the 
apparatus improves the S/N ratio of the optical 
measurement. Further, the apparatus simplifies an 
arrangement of the optical system because an op- 
tical element is not necessary to separate the excit- 
ing light and the fluorecent light from one another. 

An optical measurement apparatus according 
to yet another embodiment of the invention em- 
ploys fine grains having at least one wavelength 
among an exciting wavelength of the fluorescent 
substance and an emitting wavelength of the flu- 
orescent substance, as the substance which ab- 
sorbs light having at least one wavelength among 
an exciting wavelength of the fluorescent substance 
and an emitting wavelength of the fluorescent sub- 
stance. 

The apparatus includes a reaction vessel in 
which a reagent, including a fluorescent substance, 
and a test liquid for measurement are housed, so 
as to perform a predetermined reaction. The ap- 
paratus also has a casing which constitutes the 
reaction vessel and a part which is constituted by 
an optical waveguide. The apparatus radiates an 
exciting light into the optical waveguide at a pre- 
determined relative angle with respect to the op- 
tical waveguide. The apparatus then measures the 
optical characteristics in the vicinity of the surface 
of the optical waveguide within the reaction vessel, 
by receiving a fluorescent light component from 
fluorescent light due to the fluorescent substance. 
Th fluorescent light compon nt is output at a 
predetermined r lativ angle with respect to the 
optical waveguide. When the measurement is per- 
formed, the apparatus adds the fine-grains in the 
reaction vessel. The fine-grains absorb light which 



has at least one wavelength among an exciting 
wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance. 
The apparatus can thus prevent the fluorescent 

5 substance from being excited by scattering of the 
exciting light generated at the surface of the optical 
waveguide, which fluorescent substance is not con- 
strained in the vicinity of the surface of the optical 
waveguide. Also the apparatus can prevent the 

70 fluorescent light which is radiated from the fluores- 
cent substance from being introduced into the op- 
tical waveguide, which fluorescent substance is ex- 
cited by the scattered exciting light which is gen- 
erated at the surface of the optical waveguide. 

75 Therefore, the apparatus improves the S/N ratio of 
optical measurement. 

An optical measurement apparatus according 
to an eighth embodiment of the invention employs 
water soluble dye which absorbs light having at 

20 least one wavelength among an exciting 
wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance. 

This optical measurement apparatus includes a 
reaction vessel in which a reagent, including a 

25 fluorescent substance, and a test liquid for mea- 
surement are housed so as to perform a predeter- 
mined reaction. The apparatus also includes a cas- 
ing which constitutes the reaction vessel and a part 
which is constituted by an optical waveguide. The 

30 apparatus radiates an exciting light into the optical 
waveguide at a predetermined relative angle with 
respect to the optical waveguide. The apparatus 
then measures the optical characteristics in the 
vicinity of the surface of the optical waveguide 

35 within the reaction vessel, by receiving a fluores- 
cent light component from fluorescent light due to 
the fluorescent substance. The fluoresecent light 
component is output of a predetermined relative 
angle with respect to the optical waveguide. When 

40 the measurement is performed, the apparatus adds 
a water soluble dye in the reaction vessel which 
absorbs light having at least one wavelength 
among an exciting wavelength of the fluorescent 
substance and an emitting wavelength of the flu- 

45 orescent substance. The apparatus can thus pre- 
vent the fluorescent substance from being excited 
by scattering of the exciting light generated at the 
surface of the optical waveguide, which fluorescent 
substance is not constrained in the vicinity of the 

60 surface of the optical waveguide. Also the appara- 
tus can prevent the fluorescent light radiated from 
the fluorescent substance from being introduced 
Into the optical waveguide, which fluorescent sub- 
stance is excited by th scattered exciting light 

55 generated at th surface of the optical waveguide. 
Therefor , the apparatus improv s the S/N ratio of 
the optical m asurement. 
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An optical measurement method according to a 
ninth embodiment of the invention is a method 
which performs a predetermined reaction within a 
reaction vessel between ligands which are made to 
be in solid phase on the surface of the optical 
waveguide, a test liquid for measurement which is 
pourd within the reaction vessel, and a reagent 
which includes ligands which are poured within the 
reaction vessel and which are labeled with a flu- 
orescent substance. The method introduces an ex- 
citing light into the optical waveguide so as to 
propagate within the optical waveguide in a totally 
reflective manner. The method measures the op- 
tical characteristics in the vicnity of the surface of 
the optical waveguide based upon a fluorescent 
light component from fluorescent light radiated by 
the fluorescent substance. The fluoresecent light 
component propagates within the optical 
waveguide in a totally reflective manner. And, the 
method measures the optical characteristics in the 
vicinity of the surface of the optical waveguide by 
receiving the fluorescent light component under a 
condition where fine-grains are added in the reac- 
tion vessel to absorb light which has at least one 
wavelength among an exciting wavelength of the 
fluorescent substance and an emitting wavelength 
of the fluorescent substance. 

That is, the method performs the predeter- 
mined reaction within the reaction vessel between 
ligands which are made to be in a solid phase on 
the surface of the optical waveguide, the test liquid 
for measurement which is poured within the reac- 
tion vessel, and the reagent which includes ligands 
which are poured within the reaction vessel and 
which are labeled with a fluorescent substance. 
The method introduces the exciting light into the 
optical waveguide to propagate within the optical 
waveguide in a totally reflective manner. The meth- 
od then measures the optical characteristics in the 
vicinity of the surface of the optical waveguide 
based upon the fluorescent light component from 
the fluorescent light radiated by the fluorescent 
substance, which component propagates within the 
optical waveguide in a totally reflective manner. 
And, the method measures the optical characteris- 
tics in the vicinity of the surface of the optical 
waveguide by receiving the fluorescent light com- 
ponent under a condition where fine-grains are 
added in the reaction vessel to absorb light which 
has at least one wavelength among an exciting 
wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance. 
Therefore, the method can prevent th fluorescent 
substance from being excited by scatt ring of the 
exciting light generated at the surfac of the optical 
waveguide, which fluorescent substanc is not con- 
strained in the vicinity of the surface of the optical 
waveguid . Also, the method can prevent the flu- 



orescent light radiated from the fluorescent sub- 
stance from being introduced into the optical 
waveguide, which fluorescent substance is excited 
by the scattered exciting light generated at the 

5 surface of the optical waveguide. Thus, the method 
improves the S/N ratio of the optical measurement. 

An optical measurement method according to a 
tenth embodiment of the invention is a method 
which performs a predetermined reaction within a 

70 reaction vessel between ligands which are made to 
be in a solid phase on the surface of the optical 
waveguide, a test liquid for measurement which is 
poured within the reaction vessel, and a reagent 
which includes ligands which are poured within the 

75 reaction vessel and which are labeled with a flu- 
orescent substance, The method introduces an ex- 
citing light into the optical waveguide so as to 
propagate within the optical waveguide in a totally 
reflective manner, and then measures the optical 

20 characteristics in the vicnity of the surface of the 
optical waveguide based upon a fluorescent light 
component from fluorescent light radiated by the 
fluorescent substance. The fluorescent light com- 
ponent also propagates within the optical 

25 waveguide in a totally reflective manner. The meth- 
od measures the optical characteristics in the vi- 
cinity of the surface of the optical waveguide by 
receiving the fluorescent light component under a 
condition where a water soluble dye is added in the 

30 reaction vessel to absorb light which has at least 
one wavelength among an exciting wavelength of 
the fluorescent substance and an emitting 
wavelength of the fluorescent substance. 

That is, this method performs the predeter- 

35 mined reaction within the reaction vessel between 
ligands which are made to be in a solid phase on 
the surface of the optical waveguide, the test liquid 
for measurement which is poured within the reac- 
tion vessel, and the reagent which includes ligands 

40 which are poured within the reaction vessel and 
which are labeled with a fluorescent substance. 
The method introduces the exciting light into the 
optical waveguide so as to propagate within the 
optical waveguide in a totally reflective manner. 

45 The method then measures the optical characteris- 
tics in the vicinity of the surface of the optical 
waveguide based upon the fluorescent light com- 
ponent from the fluorescent light radiated by the 
fluorescent substance. The fluorescent light com- 

50 ponent propagates within the optical waveguide in 
a totally reflective manner. And, the method mea- 
sures the optical characteristics in the vicinity of 
the surface of the optical waveguide by receiving 
the fiuor scent light component under a condition 

55 where a water soluble dye ar added in the reac- 
tion vessel to absorb light which has at least one 
wavelength among an exciting wavelength of the 
fluorescent substance and an emitting wavelength 
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of the fluorescent substance. Therefore, the meth- 
od can prevent the fluorescent substance from 
being excited by scattering of the exciting light 
generated at the surface of the optical waveguide, 
which fluorescent substance is not constrained in 
the vicinity of the surface of the optical waveguide. 
Also the method can prevent the fluorescent light 
radiated from the fluorescent substance from being 
introduced into the optical waveguide, which flu- 
orescent substance is excited by the scattered 
exciting light generated at the surface of the optical 
waveguide. Further, the method improves the S/N 
ratio of the optical measurement. 

An optica! measurement method according to 
another embodiment of the invention is a method 
which performs a predetermined reaction within a 
reaction vessel between ligands which are made to 
be in a solid phase on the surface of the optical 
waveguide, a test liquid for measurement which is 
poured within the reaction vessel, and a reagent 
which includes ligands which are poured within the 
reaction vessel and which are lebeled with fluores- 
cent substance. The method introduces an exciting 
light into the optical waveguide at a predetermined 
relative angle with respect to the optical waveguide. 
The method then measures the optical characteris- 
tics In the vicinity of the surface of the optical 
waveguide based upon a fluorescent light compo- 
nent from fluorescent light radiated by the fluores- 
cent substance. The fluorescent light component is 
output from the optical waveguide at a predeter- 
mined relative angle with respect to the optical 
waveguide. And, the method measures the optical 
characteristics in the vicinity of the surface of the 
optical waveguide by receiving the fluorescent light 
component under a condition where a substance is 
added in the reaction vessel which absorbs light 
having at least one wavelength among an exciting 
wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance. 

That is, the method performs the predeter- 
mined reaction within the reaction vessel between 
ligands which are made to be In a solid phase on 
the surface of the optical waveguide, the test liquid 
for measurement which is poured within the reac- 
tion vessel, and the reagent which includes ligands 
which are poured within the reaction vessel and 
which are lebeled with fluorescent substance. The 
method Introduces the exciting light into the optical 
waveguide at a predetermined relative angle with 
respect to the optical waveguide. The method then 
measures the optical characteristics in the vicinity 
of the surface of the optical waveguide based upon 
th fluorescent light component from th fluores- 
cent light radiated by th fluor scent substanc . 
Th fluorescent light component is output from th 
optical waveguide at a predetermined relativ angi 
with respect to the optical waveguide. And, the 



method measures the optical characteristics in the 
vicinity of the surface of the optical waveguide by 
receiving the fluorescent light component under a 
condition where a substance is added in the reac- 

5 tion vessel to absorb light which has at (east one 
wavelength among an exciting wavelength of the 
fluorescent substance and an emitting wavelength 
of the fluorescent substance. Therefore, the meth- 
od can prevent the fluorescent substance from 

70 being excited by scattering of the exciting light 
generated at the surface of the optical waveguide, 
which fluorescent substance is not constrained in 
the vicinity of the surface of the optical waveguide. 
Also the method can prevent the fluorescent light 

75 radiated from the fluorescent substance from being 
introduced into the optical waveguide, which flu- 
orescent substance is excited by the scattered 
exciting light generated at the surface of the optical 
waveguide. The method thus improves an S/N ratio 

20 of optical measurement. 

An optical measurement method according to 
yet another embodiment of the invention employs a 
method as the optical measurement method ac- 
cording to claim 11, which method radiates the 

25 exciting light so as to introduce the exciting light 
into the reaction vessel through the optical 
waveguide. The method measures optical char- 
acteristics in the vicinity of the surface of the 
optical waveguide based upon a fluorescent light 

30 component from the fluorescent light radiated by 
the fluorescent substance, which component propa- 
gates within the optical waveguide in a reflection 
manner. 

That is, the method can prevent the fluorescent 

35 substance from being excited by scattering of the 
exciting light generated at the surface of the optical 
waveguide, which fluorescent substance is not con- 
strained in the vicinity of the surface of the optical 
waveguide. Also, the method can prevent the flu- 

40 orescent light which is radiated from the fluores- 
cent substance from being introduced Into the op- 
tical waveguide, which fluorescent substance is ex- 
cited by the scattered exciting light generated at 
the surface of the optical waveguide. The method 

45 thus improves the S/N ratio of optical measure- 
ment, because the method employs the method as 
the optical measurement method according to the 
previous embodiment of the invention which meth- 
od radiates the exciting light so as to introduce the 

50 exciting light into the reaction vessel through the 
optical waveguide. The method measures the op- 
tical characteristics in the vicinity of the surface of 
the optical waveguide based upon a fluorescent 
light component from th fluorescent light radiated 

55 from the fluorescent substanc , which component 
propagates within the optical waveguide in a reflec- 
tion manner. 
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An optical measurement method according to a 
thirteenth embodiment of the invention employs a 
method which radiates the exciting light so as to 
introduce the exciting light into the reaction vessel 
through the optical waveguide which exciting light 
propagates within the optical waveguide in a totally 
reflective manner. The method measures optical 
characteristics in the vicinity of the surface of the 
optical waveguide based upon a fluorescent light 
component from the fluorescent light radiated by 
the fluorescent substance, which component is out- 
put outward through the optical waveguide. 

This method can prevent the fluorescent sub- 
stance from being excited by scattering of the 
exciting light generated at the surface of the optical 
waveguide, which fluorescent substance is not con- 
strained in the vicinity of the surface of the optical 
waveguide. Also, the method can prevents the flu- 
orescent light which is radiated from the fluores- 
cent substance from being output outward through 
the optical waveguide. The method improves the 
S/N ratio of the optical measurement, because the 
method radiates the exciting light so as to intro- 
duce the exciting light into the reaction vessel 
through the optical waveguide. The method mea- 
sures the optical characteristics in the vicinity of 
the surface of the optical waveguide based upon a 
fluorescent light component from the fluorescent 
light which is radiated by the fluorescent sub- 
stance, which component is output outward through 
the optical waveguide. 

An optical measurement method according to 
another embodiment of the invention employs a 
method which radiates the exciting light so as to 
introduce the exciting light into the reaction vessel 
through the optical waveguide at a predetermined 
angle. The method measures optical characteristics 
in the vicinity of the surface of the optical 
waveguide based upon a fluorescent light compo- 
nent from the fluorescent light radiated from the 
fluorescent substance. The fluorescent light com- 
ponent is output outward through the optical 
waveguide at a predetermined angle which is dif- 
ferent from that of the exciting light. 

This method can prevent the fluorescent sub- 
stance from being excited by scattering of the 
exciting light which is generated at the surface of 
the optical waveguide, which fluorescent substance 
is not constrained in the vicinity of the surface of 
the optical waveguide. Also, this method can pre- 
vent the fluorescent light which is radiated from the 
fluorescent substance from being output through 
the optical waveguide, which fluorescent substance 
Is excited by th scattered xciting light generated 
at the surfac of th optical waveguide. Th meth- 
od thus improves the S/N ratio of th optica! mea- 
surement, becaus the method radiates the excit- 
ing light so as to introduce the exciting light into 



the reaction vessel through the optical waveguide 
at a predetermined angle. The method measures 
the optical characteristics in the vicinity of the 
surface of the optical waveguide based upon a 

5 fluorescent light component from the fluorescent 
light radiated by the fluorescent substance, which 
component is output outward through the optical 
waveguide at a predetermined angle which is dif- 
ferent from that of the exciting light. 

10 An optical measurement method according to 

yet another embodiment of the invention employs 
fine-grains which absorb light having at least one 
wavelength among an exciting wavelength of the 
fluorescent substance and an emitting wavelength 

75 of the fluorescent substance. 

The method can thus prevent the fluorescent 
substance from being excited by scattering of the 
exciting light generated at the surface of the optical 
waveguide, which fluorescent substance is not con- 

20 strained in the vicinity of the surface of the optical 
waveguide. Also, the method can prevent the flu- 
orescent light which is radiated from the fluores- 
cent substance from being introduced into the op- 
tical waveguide, which fluorescent substance is ex- 

25 cited by the scattered exciting light generated at 
the surface of the optical waveguide. The method 
thus improves the S/N ratio of the optical measure- 
ment, because the method employs fine-grains 
which absorb light at of least one wavelength 

30 among the exciting wavelength of the fluorescent 
substance and an emitting wavelength of the flu- 
orescent substance. 

An optical measurement method according to a 
sixteenth embodiment of the invention employs a 

35 water soluble dye which absorbs light having at 
least one wavelength among an exciting 
wavelength of the fluorescent substance and an 
emitting wavelength of the fluorescent substance. 
This method can prevent the fluorescent sub- 

40 stance from being excited by scattering of the 
exciting light generated at the surface of the optical 
waveguide, which fluorescent substance is not con- 
strained in the vicinity of the surface of the optical 
waveguide. Also, this method can prevent the flu- 

45 orescent light which is radiated from the fluores- 
cent substance from being introduced into the op- 
tical waveguide, which fluorescent substance is ex- 
cited by the scattered exciting light generated at 
the surface of the optical waveguide. The method 

50 thus Improves the S/N ratio of optical measure- 
ment, because the method employs a water solu- 
ble dye which absorbs light of at least one 
wavelength among the exciting wavelength of the 
fluoresc nt substanc and an emitting wav length 

65 of the fluorescent substance. 
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Brief Description of The Drawings 

Figure 1 is a schematic vertical cross sectional 
view illustrating an embodiment of an optical 
measurement apparatus acording to the present 
invention; 

Figure 2 is a graph illustrating the variation of an 
end-point signal and an offset signal with re- 
spect to a concentration of dispersing elements 
of fine grains of carbon black; 
Figure 3 is a graph illustrating the variation of an 
immunity measurement signal using fluorescent 
light following the passage of time; 
Figure 4 is a graph illustrating the wavelength 
dependency to the absorbance of cyanogen 1 P 
and Blue 50p; 

Figure 5 is a graph illustrating the variation of an 
immunity measurement signal using fluorescent 
light following the passage of time; 
Figure 6 is a schematic vertical cross sectional 
view illustrating another embodiment of an op- 
tical measurement apparatus acording to the 
present invention; 

Figure 7 is a schematic vertical cross sectional 
view illustrating a further embodiment of an op- 
tica! measurement apparatus acording to the 
present invention; 

Figure 8 is a schematic vertical cross sectional 
view illustrating yet another embodiment of an 
optical measurement apparatus acording to the 
present invention; 

Figure 9 is a flowchart which explains an em- 
bodiment of an optical measurement method 
according to an embodiment of the present in- 
vention; and 

Figure 10 is a block diagram illustrating a sche- 
matic arrangement of an optical measurement 
apparatus to which the flowchart illustrated in 
Fig. 9 is applied. 

Best Mode For Implementing The Invention 

Hereinafter, referring to the attached drawings, 
the present invention is explained in deteil. 

Fig. 1 is a schematic vertical cross sectional 
view illustrating an embodiment of an optical mea- 
surement apparatus acording to the present inven- 
tion. A prism 1a for introducing an exciting light is 
formed unitary body at one end of a slab-type 
optical waveguide 1 . A reaction vessel 2 is formed 
unitary body on one side of the slab-type optical 
waveguide 1. A plurality of antibodies 3 are fixed 
on one side of the slab-type optical waveguide 1 . A 
dichroic mirror 4, an xciting light sourc 5 and a 
light receiving element 6 such as a photomultiplier 
or the like are disposed at a predetermined relative 
position with respect to th slab-type optical 
waveguide 1. The dichroic mirror 4 separates a 



light path of the exciting light which is introduced 
into the slab-type optical waveguide 1 through the 
prism la, and a light path of a fluorescent light 
which is output through the prism la. 

5 When an immunity measurement using fluores- 

cent light is carried out with using the optical 
measurement apparatus having the above arrange- 
ment, a test liquid for measurement is housed in 
the reaction vessel 2 so that an antigen-antobody 

10 reaction is obtained between antigens 7 in the test 
liquid for measurement and the fixed antibodies 3 
under a condition that the exciting light source 5 is 
operated. Then, the test liquid for measurement is 
discharged from the reaction vessel 2. Next, a 

75 reagent liquid which includes labeled antibodies 8 
made by labeling antibodies with fluorescent dye 
8a and to which are added dispersing elements 9 
{0.04% (w/v)} of fine grains of carbon black having 
a grain diameter of about 200nm, is housed in the 

20 reaction vessel 2. An antigen-antibody reaction is 
carried out between the antigens 7 which have 
already undergone an antigen-antibody reaction, 
and the labeled antibodies 8. Therefore, the labeled 
antibodies 8 are constrained in the vicinity of the 

25 slab-type optical waveguide 1 in a quantity which 
corresponds to a concentration of the antigens 7 in 
the test liquid for measurement. 

When the process is carried out, an evanes- 
cent wave component due to the exciting light is 

30 generated. The exciting light is scattered at the 
surface of the slab-type optical waveguide 1 , but, a 
scattered component of the exciting light, and the 
fluorescent light radiated from fluorescent dye of 
the labeled antibodies 8 which are not constrained 

35 in the vicinity of the surface of the slab-type optical 
waveguide 1 (hereinafter, referred to as stray light), 
are effectively absorbed so that the S/N ratio of the 
optical immunity measurement is improved. This is 
due to the dispersing elements 9 of fine grains of 

40 carbon black added in the reagent liquid. 

Figure 2 is a graph illustrating the variation of 
an end-point signal and an offset signal with re- 
spect to a concentration of dispersing elements of 
fine grains of carbon black. In Fig. 2, a represents 

45 the end-point signal, while b represents the offset 
signal. Further, a concentration of carbon black is 
indicated with a magnification in dilution (dilution 
magnification) with respect to an absorber which 
includes fine grains of carbon black of 31 .5(wA^). As 

50 is apparent from Fig. 2, the decrease in the end- 
point signal is gentle, while the decrease in the 
offset signal is steep. That is, the S/N ratio of the 
immunity measurement using the fluor scent light 
is improv d by a simple processing i.e., the adding 

55 of the dispersing elements of fine grains of carbon 
black. When an amount of decrease of the end- 
point signal is I ss than 10% and in which the 
amount of the offset signal is lowering, is deter- 



11 



19 



EP 0 671 622 A1 



20 



mined to be an effective extent, the dilution mag- 
nification of the absorber which includes fine grains 
of the variation, Is lO'^^-IO'^. When the dilution 
magnification is converted to a concentration of fine 
grains of carbon black, the concentration is about 
0.004-0.3%. 

Further, a variation of an immunity measure- 
ment signal using fluorescent light following the 
passage of time, under a condition where dispers- 
ing elements of fine grains of carbon black are 
added, and a variation of an immunity measure- 
ment signal using fluorescent tight following the 
passage of time under a condition that dispersing 
elements of carbon black are not added, are illus- 
trated in Fig. 3. In Fig. 3, In Fig. 3, a represents the 
former case, while b represents the latter case. 

As is apparent from Fig. 3, when grains of 
carbon black are not added, the signal is increased 
and the reagent stray light is also increased as is 
illustrated by b. On the constrary, when fine grains 
of carbon black are added, the signal is decreased 
to some degree and the reagent stray light is 
remarkably decreased as is illustrated by a. There- 
fore, the S/N ratio is remarkably Improved. 

Further, it is possible to employ that fine grains 
of metal such as platinum, gold or the like, or fine 
grains of polyethylene Instead of the fine grains of 
carbon black. In this case, effects which are similar 
to the above effects are achieved. 

Second Embodiment 

An immunity measurement using fluorescent 
light was carried out with the optical measurement 
apparatus illustrated in Fig. 1, using a He-Ne laser 
excitation wavelength of 633nm as the exciting light 
source 5, and using a reagent liquid made by 
adding the labeled antibodies and cyanogen IP 
(manufactured by Nihon Kayahu Kabushiki Gaisha). 
Also, immunity measurements using fluorescent 
light were carried out using a reagent liquid made 
by adding only the antibodies, and using a reagent 
liquid which Is made by adding Blue 50p (manufac- 
tured by Nihon Kayahu Kabushiki Gaisha) instead 
of cyanogen 1 P, respectively. 

As a result, when the cyanogen 1 P was added, 
the reagent stray light was 36.0 (arbitrary units) so 
that a lessening effect In the reagent stray light was 
achieved. This is compared to a reagent stray light 
of 61.1 when the reagent liquid with only the anti- 
bodies was used. When Blue 50p is added (which 
does not absorbs the exciting wavelength of 
633nm), the r agent stray light was 497 as is 
illustrated by b in Fig. 4. Th r ason for this 
remarkable increase in the reagent stray light 
s ems to b that Blue 50p conduced scattering of 
the exciting light. Further, a in Fig. 4 illustrates an 
absorbance characteristic of cyanogen IP, It is 



understood that cyanogen IP has a fairly high 
absorbance of light with a wavelength of 633nm. 

Further, a variation of immunity measurement 
signals using fluorescent light following the pas- 

5 sage of time under a condition where only labeled 
antibodies were added, and a variation of immunity 
measurement signals using fluorescent light follow- 
ing the passage of time under a condition where 
cyanogen 1P and labeled antibodies were added, 

10 are illustrated in Fig. 5. 

As is apparent from Fig. 5, when only the 
labeled antibodies were added, not only was the 
signal increased, but the reagent stray light also is 
increased, as is illustrated by b in Fig. 5. Compara- 

75 tively, when cyanogen IP and the labeled anti- 
bodies were added, the signal was lessened to 
some degree and the reagent stray light was re- 
markably lessened as is illustrated by a in Fig. 5. 
Therefore, the S/N ratio was reamrkably improved. 

20 The foregoing describes a case where a water 

soluble dye is used which has a high absorbance 
for the wavelength of the exciting light. It also is 
possible to use a water soluble dye which has a 
high absorbance for the wavelength of fluorescent 

25 light which is radiated from the fluorescent dye. It 
is also possible to use a water soluble dye which 
has a high absorbance for both the wavelength of 
the exciting light and for the wavelength of fluores- 
cent light which is radiated from the fluorescent 

30 dye. Further, various design change within an ex- 
tent which does not vary the scope of the present 
invention, are possible. 

Third Embodiment 

35 

Figure 6 is a schematic vertical cross sectional 
view illustrating another embodiment of an optical 
measurement apparatus acording to the present 
invention. A prism 11a for introducing an exciting 

40 light is formed at one end of a slab-type optical 
waveguide 11. A reaction vessel 12 is formed uni- 
tary body on one side of the slab-type optical 
waveguide 11. A plurality of antibodies 13 are fixed 
on one side of the slab-type optical waveguide 1 1 . 

45 A signal light output through the prism 11a is 
guided to a light receiving element 16 such as a 
photomultiplier, through a sharp cut filter or the like 
(not illustrated). An light output from an exciting 
light source 15, such as a laser light source or the 

50 like, is radiated as a plane wave to the other side of 
the slab-type optical waveguide 11 through a col- 
limator lens 14a, neutral density filter (hereinafter, 
referred to as a ND filter) 14b and th like. The 
temperatur of the exciting light source 15 is con- 

55 trolled by a t mperature controlling s ction (not 
illustrated) so that a variation in the intensity of the 
output light is pr vented from occuring. The slab- 
type optical waveguid 1 1 and the reaction vessel 
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12 have their faces painted (faces which are par- 
allel to the paper in Fig. 6, and hereinafter, referred 
to simply as side faces,) with black paint or the 
like. The side faces do not cross an optical axis of 
the exciting light (or an axis which is parallel to the 
optical axis of the excitingf light) and do not cross 
an optical axis of the signal light (or an axis which 
is parallel to the optical axis of the signal tight). 
Therefore, light is prevented fronn being output 
from the side faces. When it is assumed that light 
is output, there is a possibility that the output light 
is received by the light receiving element 16 
through various paths. Hawever, such light is pre- 
vented by the paint from being received by the 
light receiving element 16. Of course, light also is 
prevented from being incident from the exterior 
through the side faces. 

When an immunity measurement using fluores- 
cent light is carried out using the optical measure- 
ment apparatus having the above arrangement, a 
test liquid for measurement is housed in the reac- 
tion vessel 12 so that the antigen-antibody reaction 
between antigens 17 in the test liquid for measure- 
ment and the fixed antibodies 13 are under a 
condition where the exciting light source 15 is 
operated. Then, the test liquid for measurement is 
discharged from the reaction vessel 12. Then, a 
reagent liquid which includes labeled antibodies 18, 
made by labeling antibodies with fluorescent dye 
18a. added with fine grains of carbon black 19 (in a 
desired concentration) having a desired grain diam- 
eter, is housed in the reaction vessel 12 so that an 
antigen-antibody reaction is carried out between 
the antigens 1 7 which have already undergone the 
antigen-antibody reaction, and the labeled anti- 
bodies 18. Therefore, the labeled antibodies 18 are 
constrained in the vicinity of the slab-type optical 
waveguide 11 in a quantity which corresponds to a 
concentration of the antigens 17 in the test liquid 
for measurement. 

When the process is carried out, the plane 
wave of exciting light is introduced into the reaction 
vessel 12 through the slab-type optical waveguide 
1 1 in a direction of the thickness thereof. Because 
the reagent liquid has fine grains of carbon black 
19, the plane wave is absorbed within the reaction 
vessel 12 efficiently in its early stage so that a 
disadvantage is remarkably reduced where fluores- 
cent dye la of labeled antibodies 18 are excited 
which are apart from the surface of the slab-type 
optical waveguide 1 1 . When it is assumed that the 
fluorescent dye la of labeled antibodies 18 radiate 
fluorescent light, which antibodies are apart from 
the surfac of the slab-type optical wav guide 1 1 . 
the radiated fluorescent light is effectively absorbed 
so that the possibility of mixing the radiated flu- 
orescent light with the signal light is r markably 
reduced, which signal light propagates within the 



slab-type optical waveguide 1 1 . Therefore, the sen- 
sitivity of the optical immunity measurement (S/N 
ratio) is remarkably improved. 

In the optical measurement apparatus having 

5 the above arrangement, a mixture of undiluted milk 
protein and sodium azide (NaN3;0.02%) was coat- 
ed as a blocking member instead of fixing a plural- 
ity of antibodies 13 on the side of the slab-type 
optical waveguide 11. And, a reagent {CMI (Car- 

10 boxymethylindocyanine)-lgG (Immunoblobulin-G), 
4ug/ml} in which fine grains of carbon black 19 
(diluted by a dilution liquid so as to be 1 weight 
%), and a reagent (CMI-IgG, 4|Lig/ml) in which fine 
grains of carbon black 19 wewe not added, were 

75 poured by 400ixl, respectively. The intensities of 
the output light prior to and after the pouring were 
measured. Further, a slab-type optical waveguide 
11 was employed which was painted with black 
paint for screening stray light on its surfaces adja- 

20 cent to the signal light outgoing surface. And, a 
reagent {CMI-IgG, 4ug/ml} in which fine grains of 
carbon black 19 (diluted by a dilution liquid so as 
to be 1 weight %). and a reagent (CMI-IgG, 
4|ig/ml) in which no carbon black 19 was added. 

25 were poured by 400ul, respectively, and the inten- 
sities of the output light prior to and after the 
pouring were measured. For this measurement, a 
laser light source was employed as the exciting 
light source 15. Here the exciting light was cut by 

30 10% by the ND filter, and the plane wave of 
3X1 0mm was radiated from below the slab-type 
optical waveguide 1 1 . 

As a result of the above measurement, when 
the reagent in which fine grains of carbon black 1 9 

35 were not added was used, and the slab-type optical 
waveguide 1 1 was not painted with black paint the 
signal values (the signal value is an output pulse 
number of the photomultiplier. and corresponds to 
the intensity of output light) prior to and after the 

40 pouring were 0.2397 kilo pulse per second 
(hereinafter, referred to as kpps) and 1 40.201 6kpps 
respectively. When the reagent in which fine grains 
of carbon black 19 were not added, was used, and 
the slab-type optical waveguide 11 was painted 

45 with black paint for screening stray light, the signal 
values prior to and after the pouring were 0.2234 
kpps and 42.4969kpps respectively. When the 
reagent in which carbon black 19 were added, was 
used, and the slab-type optical waveguide 11 was 

50 not painted, the signal values prior to and after the 
pouring were 0.2717 kpps and 0.2563kpps respec- 
tively. When the reagent in which fine grains of 
carbon black 19 wer added, was used, and the 
slab-type optical wav guid 11 was paint d with 

65 black paint for screening stray light, the signal 
values prior to and after the pouring were 0.2048 
kpps and 0.2076kpps respectively. 
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In those measurement, milk protein (mixed so- 
dium azide by 0.02%) as a blocking member was 
coated on the surface of the slab-type optical 
waveguide 11. Therefore no reagent existed in the 
vicinity of the surface of the slab-type optical 
waveguide 11. The output light prior to pouring of 
the reagent is an offset value due to fluorescent 
light which is generated in the slab-type optical 
waveguide 11 itself, and nearly the same signal 
values were obtained for each case. But, after the 
pouring of the reagent, the greatest signal value is 
obtained when neither fine grains of carbon black 
19 nor black paint for screening stray light were 
applied. The second greatest signal value was ob- 
tained when only black paint for screening stray 
light was applied. A signal value which is nearly the 
same to the signal value at prior to pouring, was 
obtained when fine grains of carbon black 19 were 
applied. As is apparent from the result, reagent 
stray light was detected to some degree in the 
former two cases. On the contrary, reagent stray 
light was sufficiently reduced in the latter two 
cases. Further, the signal value after the pouring of 
the reagent was slightly smaller than that prior to 
the pouring of the reagent, due to the influence of 
variation in the refractive index from the pouring of 
the reagent. 

Further, when the slab-type optical waveguide 
(where black paint for screening stray light was not 
painted) having the arrangement which was the 
same as the above arrangement, other than the 
coating of milk protein (mixed sodium azide by 
0.2%) is omitted, and colored reagent ink was 
poured in the reaction vessel by 200ul which ink a 
concentration of 1 weight %, the signal values prior 
to and after the pouring were 0.080 kpps and 1 .600 
kpps, respectively. In this case, milk protein (mixed 
sodium aside by 0.2%) as blocking member was 
not coated on the surface of the slab-type optical 
waveguide 11 so that the reagent exised in an 
exciting region which corresponds to the vicinity of 
the surface of the slab-type optical waveguide 11. 
Therefore, it is guessed that the signal component 
due to the actual immunity reaction was sufficiently 
taken out. Further, the signal values prior to the 
pouring for the above four cases where milk protein 
(mixed sodium azide by 0.02%) was coated on the 
surface of the slab-type optical waveguide 11 as a 
blocking member, were greater than the signal 
value prior to pouring of the colored reagent ink in 
the above measurement. The reason seems to be 
that milk protein (mixed sodium azide by 0.02%) as 
a blocking member was coated on the surface of 
the slab-type optical waveguide 1 1 . 

In this embodiment, the exciting light is intro- 
duced into the reaction vessel 12 from below the 
slab-type optical waveguide 11, and the signal light 
Is propagated within the slab-type optical 



waveguide 11 so that the signal light is output 
through the prism 11a. It is possible to introduce 
the exciting light through the prism 1 1 a so that the 
exciting light propagates within the slab-type op- 

5 tical waveguide 11, and the signal light is output 
from the bottom face of the slab-type optical 
waveguide 11, and received by the light receiving 
element 16. as is illustrated in Fig. 7. It is also 
possible that the exciting light is radiated at a 

10 predetermined angle with respect to the bottom 
face of the slab-type optical waveguide 1 1 , and the 
signal light which is output from the bottom face of 
the slab-type optical waveguide 11 at an angle 
which is different from that of the exciting light, is 

75 received by the light receiving element, as is illus- 
trated in Fig. 8. 

Further, in the optical measurement apparatus 
illustrated in Figs. 6-8, it is possible that fine grains 
of metal such as platinum, gold or the like, or fine 

20 grains of polystyrene and or the like are employed 
instead of carbon black. It is also possible that a 
water soluble dye having a high absorbance for the 
wavelength of the exciting light, a water soluble 
dye having a high absorbance for the fluorescent 

25 light which is radiated from the fluorescent dye, or 
a water soluble dye having a high absorbance for 
both lights, is employed instead of carbon black. 

Fourth Embodiment 

30 

Figure 9 is a flowchart which explains an em- 
bodiment of an optical measurement method ac- 
cording to the present invention. The flowchart re- 
presents a case in which an optical measurement 

35 is carried out using the optical measurement ap- 
paratus decribed in one of the above embodiments. 
Therefore, antibodies 3, 13, for example, are pre- 
viously fixed on the surface of the slab-type optical 
waveguide 1, 11, which surface constitutes one 

40 face of the reaction vessel 2. 12. 

When starting of an immunity measurement is 
instructed, in step SP1, the test liquid for measure- 
ment is poured into the reaction vessel 2, 12 using 
a pouring nozzle 32a (refer to Fig. 10) so that an 

46 antigen-antibody reaction is carried out between 
the previously fixed antibodies 3, 13 and the anti- 
gens 7, 17 in the test liquid for measurement. After 
the antigen-antibody reaction is carried out for a 
predetermined time, in step SP2, the test liquid for 

50 measurement is discharged from the reaction ves- 
sel 2, 12 using the pouring nozzle 32a. In step 
SP3, a reagent which includes an absorbant sub- 
stance (a substance which absorbs light having at 
least on wavelength among th xciting 

56 wavelength for exciting the fluorescent dy , and th 
emitting wavelength of the fluorescent dye) in a 
d sired concentration, is poured into the reaction 
v ssel 2, 12 using the pouring nozzle 32a. An 
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antigen-antibody reaction then is carried out be- 
tween antigens 7, 17 which are constrained in the 
vicinity of the surface of the slab-type optical 
waveguide 1, 11 by the antigen-antibody reaction 
which has already been carried out, and labeled 
antibodies 8, 18 in the reagent. In step SP4, a 
fluorescent light component which is determined 
by the applied optical measurement apparatus, is 
received by the light receiving element 6, 16 from 
the fluorescent light radiated by the fluorescent dye 
8a, 18a of the labeled antibodies 8, 18 constrained 
in the vicinity of the surface of the slab-type optical 
waveguide by the antigen-antibody reaction. A sig- 
nal which should correspond to a concentration of 
antigens 7, 17 in the test liquid for measurement, is 
thus obtained. In step SP5, the concentration of 
antigens 7, 17 in the test liquid for measurement is 
obtained based upon the obtained signal and a 
previously obtained analytical curve. Then, the pro- 
cess is finished. 

The processing in step SP3 and the processing 
in step SP4 are carried out simultaneously to one 
another, it is preferable that the processing in step 
SP4 is started prior to the processing in step SP3. 
In this case, an offset noise due to the slab-type 
optical waveguide 1, 11 is obtained by following 
data processing (not illustrated). The signal ob- 
tained in step SP4 may be obtained by waiting 
until a signal value becomes nearly saturated, 
which signal value is varied following the advancing 
in the antigen-antibody reaction, and by obtaining 
the signal value at the nearly saturated timing. The 
signal may also be obtained by continuously cal- 
culating a differential value by time of a signal 
which is varied following the advancing in the anti- 
gen-antibody reaction, and by employing the maxi- 
mum value of the differentia! value by time. 

Figure 10 is a block diagram illustrating a sche- 
matic arrangement of an optical measurement ap- 
paratus to which the flowchart illustrated in Fig. 9 is 
applied. The apparatus includes a measurement 
cell 31 which has a reagent housing vessel (not 
illustrated), a test liquid housing vessel (not illus- 
trated), a dilution liquid housing vessel (not illus- 
trated), and a reaction vessel 12 for carrying out 
the antigen-antibody reaction. Also a slab-type op- 
tical waveguide 11 is formed in a predetermined 
face of the reaction vessel 12, on which the anti- 
bodies 13 are fixed. The apparatus further includes 
a pouring apparatus 32, an optical measurement 
section 33. an instruction section 34. a data section 
35, a pouring control section 36 and a main control 
section 37. The pouring apparatus 32 has a pour- 
ing nozzle 32a for pouring liquid into any of th 
vessels, and for sucking and removing liquid from 
any of the vessels. The optical measurement sec- 
tion 33 is disposed at a predetermined position 
with respect to th measurement cell 31 . The op- 



tical measurement cell 33 rediates an exciting light 
to the slab-type optical waveguide 1 1 at a predeter- 
mined angle, and detects a signal light which is 
output from the slab-type optical waveguide 11 at 

5 another predetermined angle so that a degree of 
immunity reaction is detected. The instruction sec- 
tion 34 receives instruction from a user. The data 
section 35 holds predetermined data corresponding 
to a condition such as an object for inspection, a 

10 measurement item, a measurement number and 
the like. The pouring control section 36 controls 
sucking, discharging, a quantity of sucking, and a 
quantity of discharging of the pouring nozzle 32a 
based upon information from the instruction section 

75 34 and the data section 35. The main control 
section 37 sends commands to the optical mea- 
surement section 33 and the pouring control sec- 
tion 36. 

In this optical measurement apparatus, the 

20 main control section 37 reads out corresponding 
data from the data section 35, operates the pouring 
control section 36 based upon the read out data 
and the user's instruction, and controls the pouring 
nozzle 32a, in correspondence to each step in the 

25 flowchart illustrated in Fig. 9. That is, the test liquid 
for measurement is sucked from the test liquid 
housing vessel by the pouring nozzle 32a, the 
pouring nozzle 32a is moved to the reaction vessel 
12, and then the sucked test liquid for measure- 

30 ment is dischrged into the reaction vessel 12 so 
that the antigen-antibody reaction for the first stage 
is carried out. When the test liquid for measure- 
ment is to be diluted, the dilution liquid is sucked 
from the dilution liquid housing vessel prior to or 

35 after the sucking of the test liquid for measure- 
ment. Thereafter, the test liquid for measurement 
within the reaction vessel 12 is sucked by the 
pouring nozzle 32a and is discharged to a waste 
liquid tank (not illustrated). Then, a reagent which 

40 includes labeled antibodies 18 and fine grains of 
carbon black 19, is sucked from the reagent hous- 
ing vessel by the pouring nozzle 32a, the pouring 
nozzle 32a is moved to the reaction vessel 12, and 
then the sucked reagent is discharged into the 

45 reaction vessel 12 so that the antigen-antibody 
reaction for the second stage is carried out. In 
these cases, adjusting of the quantity of sucked 
liquid is performed, for example, by determining a 
pulse number per a unit time to be the most 

50 optimum value which corresponds to the sucking 
quantity, by the pouring control section 36. The 
pulse number is supplied to a pulse motor (not 
illustrated) which controls th sucking quantity and 
the discharging quantity of the pouring nozzi 32a. 

55 Further, it is possibi that th reagent and the test 
liquid for measurement ar sucked in this order 
and the r ag nt and the test liquid for measure- 
ment are discharged in this order. In this case, 
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both liquids are prevented from mixing within the 
pouring nozzle 32a by forming an air gap between 
the reagent and the test liquid for measurement. 

Therefore, the absorbance substance is se- 
curely included within the reaction vessel 2, 12 
when the optical Immunity measurement is carried 
out. As is apparent from the foregoing embodi- 
ments, the reagent stray light is sufficiently re- 
duced so that the sensitivity (S/N ratio) of the 
optical immunity measurement is remarkably im- 
proved. 

In this embodiment, a so-called 2 step method 
is employed which carries out the antigen-antibody 
reaction for the first stage by pouring the test liquid 
for measurement into the reaction vessel 2, 12, and 
then carries out the antigen-antibody reaction for 
the second stage by pouring the reagent after the 
test liquid has been discharged. It is possible that a 
so-called 1 step sandwich method is employed 
which carries out the antigen-antibody reaction by 
previously mixing the test liquid and the reagent, 
and carries out the antigen-antibody reaction be- 
tween the antibodies 3, 13 fixed on the surface of 
the slab-type optical waveguide 1,11 and the al- 
ready reacted antigens by pouring the mixed liquid 
into the reaction vessel 2, 12. 

Further, any of the above embodiments de- 
scribes the case where the absorbance substance 
is previously included in the reagent. It is possible 
that the absorbant substance is poured into the 
reaction vessel prior to or after pouring of the 
reagent. 

Possibility In Industrial Utilization 

The present invention is preferably applied to a 
measurement apparatus which forms a reaction 
vessel in one body with a slab-type optical 
waveguide, and which apparatus measures the op- 
tical characteristics in the vicinity of a surface of 
the slab-type optical waveguide by pouring a test 
liquid for measurement and a reagent into the 
reation vessel and by introducing an exciting light 
into the slab-type optical waveguide. An S/N ratio 
of the optical measurement is improved. 

Claims 

1. An optical measurement apparatus which ex- 
cites a fluorescent substance constrained in a 
vicinity of a surface of an optical waveguide 
(1), by an evanescent wave component which 
is generated by introducing an exciting light so 
that the exciting light propagat s within the 
optical waveguid (1) in a totally reflective 
manner, and which apparatus measures optical 
characteristics in the vicinity of th surfac of 
th optical waveguide (1) based upon a flu- 



orescent light component which propagates 
within the optical waveguide (1) in a reflective 
manner, from fluorescent light which is radi- 
ated from the fluorescent substance, the ap- 

5 paratus comprising: 

fine-grains (9)(19) which are added in the 
reaction vessel (2), which absorb light of at 
least one wavelength among an exciting 
wavelength of the fluorescent substance and 

10 an emitting wavelength of the fluorescent sub- 

stance. 

2. An optical measurement apparatus which ex- 
cites a fluorescent substance which are con- 

75 strained in the vicinity of a surface of an op- 

tical waveguide (1), by an evanescent wave 
component generated by introducing an excit- 
ing light so that the exciting light propagates 
within the optical waveguide (1) in a totally 

20 reflective manner, and which apparatus mea- 

sures optical characteristics in the vicinity of 
the surface of the optical waveguide (1) based 
upon a fluorescent light component which 
propagates within the optical waveguide (1) in 

25 a reflective manner, from fluorescent light 

which is radiated from the fluorescent sub- 
stance, the apparatus comprising: 

a water soluble dye added in the reaction 
vessel (2) which absorbs light of at least one 

30 wavelength among an exciting wavelength of 

the fluorescent substance and an emitting 
wavelength of the fluorescent substance. 

3. An optical measurement apparatus comprising 
35 a reaction vessel (2)(12) in which a reagent 

including a fluorescent substance and a test 
liquid for measurement are housed so as to 
perform predetermined reaction, and a part 
which is constituted by an optical waveguide 

40 (1)(11)» wherein the apparatus radiates an ex- 

citing light to the optical waveguide (1)(11) at a 
predetermined relative angle with respect to 
the optical waveguide (1){11), and measures 
optical characteristics in a vicinity of the sur- 

45 face of the optical waveguide (1 )(1 1 ) within the 

reaction vessel (2)(12), by receiving a fluores- 
cent light component from fluorescent light due 
to the fluorescent substance which component 
is output at a predetermined relative angle with 

50 respect to the optical waveguide (1)(11). the 

apparatus having comprises a substance ad- 
ded in the reaction vessel (2)(12) and which 
absorbs light of at least one wavelength among 
an exciting wavelength of the fluor sc nt sub- 

55 stance and an emitting wavelength of the flu- 

or scent substance. 
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4. An optical measurement apparatus as set forth 
in claim 3, wherein the apparatus introduces an 
exciting light into the reaction vessel (12) 
through the optical waveguide (11) so as to 
excite the fluorescent substance and measures 
optical characteristics in the vicinity of the sur- 
face of the optica! waveguide (1 1 ) based upon 
a fluorescent light component from fluorescent 
light radiated by the fluorescent substance 
which component propagates within the optical 
waveguide (11) in a reflective manner. 

5. An optical measurement apparatus as set forth 
in claim 3, wherein the apparatus excites the 
fluorescent substance constrained in the vi- 
cinity of the surface of the optical waveguide 
(11), by the evanescent wave component gen- 
erated by introducing an exciting light so that 
the exciting light propagates within the optical 
waveguide (11) in a totally reflective manner, 
and which apparatus measures optical char- 
acteristics in the vicinity of the surface of the 
optical waveguide (11) based upon a fluores- 
cent light component radiated outward through 
the optical waveguide (11), from fluorescent 
light radiated by the fluorescent substance. 

6. An optical measurement apparatus as set forth 
in claim 3, wherein the apparatus employs 
excites the fluorescent substance constrained 
in the vicinity of a surface of an optical 
waveguide (11), by introducing an exciting light 
into the reaction vessel (12) through the optical 
waveguide (11) at a predetermined angle, and 
which apparatus measures optical characteris- 
tics in the vicinity of the surface of the optical 
waveguide (1 1 ) based upon a fluorescent light 
component radiated outward through the op- 
tical waveguide (11), from fluorescent light ra- 
diated by the fluorescent substance, which 
component is output through the optical 
waveguide (11) at an angle which is different 
from that of the exciting light. 

7. An optical measurement apparatus as set forth 
in one of claims 3 through 6, wherein the 
apparatus employs fine-grains which absorb 
light of at least one wavelength among an 
exciting wavelength of the fluorescent sub- 
stance and an emitting wavelength of the flu- 
orescent substance. 

8. An optical measurement apparatus as set forth 
in one of claims 3 through 6, wherein th 
apparatus employs water solubl dye which 
absorbs light of at least one wavelength among 
an exciting wavelength of the fluorescent sub- 
stance and an emitting wavelength of the flu- 



orescent substance. 

9. An optical measurement method which per- 
forms a predetermined reaction within a reac- 

5 tlon vessel (2), between ligands (3) which are 

made to be in a solid phase on a surface of 
the optical waveguide (1), a test liquid for 
measurement which is poured within the reac- 
tion vessel (2), and a reagent which includes 

10 ligands (8) which are poured within the reac- 

tion vessel (2) and which are lebeled with a 
fluorescent substance (8a), which method in- 
troduces an exciting light into the optical 
waveguide (1) so as to propagate within the 

75 optical waveguide (1) in a totally reflective 

manner, and which method measures optical 
characteristics in a vicnity of the surface of the 
optical waveguide (1) based upon a fluorescent 
light component from fluorescent light radiated 

20 from the fluorescent substance which compo- 

nent propagates within the optical waveguide 
in a totally reflective manner, the method com- 
prising measuring the optical characteristics in 
a vicinity of the surface of .the optical 

25 waveguide (1 ) by receiving the fluorescent light 

component which propagates within the optical 
waveguide (1) in a totally reflective manner, 
under a condition that fine-grains (9) are added 
in the reaction vessel (2) which absorb light of 

30 at least one wavelength among an exciting 

wavelength of the fluorescent substance and 
an emitting wavelength of the fluorescent sub- 
stance. 

35 10. An optical measurement method which per- 
forms a predetermined reaction within a reac- 
tion vessel (2) one division face of which unites 
a surface of an optical waveguide (1), between 
ligands (3) which are made to be a in solid 

40 phase on a surface of an optical waveguide 

(1), a test liquid for measurement which is 
poured within the reaction vessel (2), and a 
reagent which includes ligands (8) which are 
poured within the reaction vessel (2) and which 

45 are labeled with a fluorescent substance (8a), 
which method introduces an exciting light into 
the optical waveguide (1) so as to propagate 
within the optical waveguide (1) in a totally 
reflective manner, and which method measures 

50 optical characteristics in a vicnity of the sur- 

face of the optical waveguide (1) based upon a 
fluorescent light component from fluorescent 
light radiated from the fluorescent substance 
which component propagates within th optical 

55 waveguide (1) in a totally refl ctive mann r, 

th m thod measuring the optical characteris- 
tics in the vicinity of the surfac of the optical 
waveguide (1) by r celving the fluorescent light 

17 
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component which propagates within the optical 
waveguide (1) in a totally reflective manner, 
under a condition where a water soluble dye is 
added in the reaction vessel (2) which water 
soluble dye absorbs light of at least one s 
wavelength among an exciting wavelength of 
the fluorescent substance and an emitting 
wavelength of the fluorescent substance. 

11. An optical measurement method which per- io 
forms a predetermined reaction within a reac- 
tion vessel (2)(12) , between ligands (3)(13) 
which are made to be in a solid phase on a 
surface of an optical waveguide (1)(11), a test 
liquid for measurement which is poured within 75 
the reaction vessel (2)(12), and a reagent 
which includes ligands (8)(18) which are 
poured within the reaction vessel (2)(12) and 
which are lebeled with a fluorescent substance 
(8a)(18a), which method introduces an exciting 20 
light into the optical waveguide (1)(11) at a 
predetermined relative angle with respect to 
the optical waveguide (1)(11), and which meth- 
od measures optical characteristics in a vicnity 
of the surface of the optical waveguide (1 )(1 1 ) 25 
based upon a fluorescent light component from 
fluorescent light radiated by the fluorescent 
substance which component is output from the 
optical waveguide (1)(11) at a predetermined 
relative angle with respect to the optical 30 
waveguide (1)(11), the method comprising 
measuring the optical characteristics in the vi- 
cinity of the surface of the optical waveguide 

(I) (11) by receiving the fluorescent light com- 
ponent which Is output from the optical 35 
waveguide (1)(11) at the predetermined relative 
angle with respect to the optical waveguide (1 )- 

(II) , under a condition where a. substance (9)- 
(19) is added in the reaction vessel (2)(12) 
which absorbs light of at least one wavelength 40 
among an exciting wavelength of the fluores- 
cent substance and an emitting wavelength of 

the fluorescent substance. 



13. An optical measurement method as set forth in 
claim 1 1 , wherein the method radiates the ex- 
citing light so as to introduce the exciting light 
into the reaction vessel (12) through the optical 
waveguide (11) which exciting light propagates 
within the optical waveguide (11) in a totally 
reflective manner, and which method measures 
optical characteristics in the vicinity of the sur- 
face of the optical waveguide (11) based upon 
a fluorescent light component from the fluores- 
cent light radiated by the fluorescent sub- 
stance, which component is output outward 
through the optical waveguide (1 1 ). 

14. An optical measurement method as set forth In 
claim 11, wherein the method radiates the ex- 
citing light so as to introduce the exciting light 
into the reaction vessel (12) through the optical 
waveguide (11) at a predetermined angle, and 
which method measures optical characteristics 
in the vicinity of the surface of the optical 
waveguide (11) based upon a fluorescent light 
component from the fluorescent light radiated 
by the fluorescent substance, which compo- 
nent is output outward through the optical 
waveguide (11) at a predetermined angle 
which is different from that of the exciting light. 

15. An optical measurement method as set forth in 
one of claims 11 through 14, which employs 
fine-grains (19) which absorb light of at least 
one wavelength among an exciting wavelength 
of the fluorescent substance and an emitting 
wavelength of the fluorescent substance. 

16. An optical measurement method as set forth in 
one of claims 11 through 14, which employs a 
water soluble dye which absorbs light of at 
least one wavelength among an exciting 
wavelength of the fluorescent substance and 
an emitting wavelength of the fluorescent sub- 
stance. 



12. An optica! measurement method as set forth in 45 
claim 11, wherein the method radiates the ex- 
citing light so as to introduce the exciting light 
into the reaction vessel (12) through the optical 
waveguide (11), and which method measures 
optical characteristics in the vicinity of the sur- 50 
face of the optical waveguide (11) based upon 
a fluorescent light component from among the 
fluorescent light which is radiated from th 
fluorescent substanc , which component prop- 
agates within the optical waveguide (11) in a 55 
reflective manner. 
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